. Purpose: This study aims to determine whether blood lipids in healthy preadolescent children are sensitive to normally occurring changes in percent body fat, physical activity (PA), cardiorespiratory fitness (CRF), and macronutrient intake. Methods: Repeated measurements of fasting serum LDL cholesterol, HDL cholesterol, and triglycerides (TG); percent body fat (dual-energy x-ray absorptiometry); PA (pedometers); CRF (multistage run); and carbohydrate, sugar, and fat intake (dietary recall and record) were carried out in 469 children (51% girls) age 8, 10, and 12 yr. Results: Longitudinal relationships in boys showed that, for every one-unit increase in percent body fat, there was a 1.3% (95% CI, 0.9-1.8; P G 0.001) increase in LDL cholesterol; among girls, the increase was 0.8% (95% CI, 0.3-1.2; P = 0.003). In addition, we found a positive longitudinal relationship between TG and percent body fat (P G 0.001) in girls, and a negative longitudinal relationship between HDL cholesterol and percent body fat (P = 0.03) in boys. There were also longitudinal relationships between TG and CRF in both sexes (P G 0.05), but these were not sustained upon adjustment for percent body fat. Although cross-sectional relationships occurred in girls for both HDL cholesterol and TG with PA (P G 0.05), we found no evidence of any relationships between lipids and fat or sugar intake. By age 12 yr, LDL cholesterol was elevated (93.36 mmolIL j1 ) in 16% and 20% of girls and boys, respectively. Conclusions: Blood lipids in preadolescent children appear sensitive to normal changes occurring in their percent body fat and, thus, fitness. Our data support early attention to body composition in community strategies designed to prevent cardiovascular disease in later life.
T he American Heart Association has alluded to the importance of gaining a better understanding of the distribution and clinical significance of markers of cardiovascular disease (CVD) in young children and adults (22) , and there has been a call for a closer examination of the relationships between adiposity and blood lipids in children (5) . The relevance of such research is emphasized by recent findings that atherosclerosis may develop during childhood (18) and that abnormal blood lipid concentrations may occur in youth, especially in those who are classified as obese (10) . In addition, overweight and obesity in children are associated with increased risk of CVD in later life (6, 11) , but there is evidence that such risk can be reduced with early attention (16, 25) .
As to what kind of early attention might be most effective in children, cross-sectional data have provided preliminary insights into links between blood lipid concentrations and physical activity (PA), cardiorespiratory fitness (CRF), and adiposity (20, 21) . These cross-sectional associations with PA and circulating lipid concentrations are generally weak (1) , mainly implicating a relationship with HDL cholesterol and triglycerides (TG) (26) , although total cholesterol (TC) and LDL cholesterol have also been linked to PA (1, 21) . On the other hand, cross-sectional associations of blood lipids with indices of adiposity have been found to be generally stronger (8, 23) .
However, longitudinal (within-child) data are likely to provide greater insight into how blood lipid profiles of children in our general community can be improved. Rare are such longitudinal studies, especially those that satisfy conditions required to make solid inferences: (a) adjusting for potentially confounding variables (including growth and maturity, and PA) when investigating adiposity (and vice versa); (b) objective measures of PA; and (c) direct measurements of adiposity, as distinct from body mass index (BMI = body mass (kg)/height (m 2 )), which may misrepresent adiposity changes in children (31) . Two studies that have satisfied these conditions (4) showed that greater adiposity in preteenage years is associated with adverse blood lipid profiles in adolescence, but the strength of longitudinal relationships and the sensitivity of blood lipids to changes in adiposity were not reported specifically in preadolescent subgroups.
Another consideration is that the risk of developing CVD may not necessarily be confined to overweight or obese children. One review concluded that change in adiposity from childhood to adulthood, rather than childhood obesity per se, was the true independent risk factor for CVD (17) , referring to evidence that lean children who became overweight as adults developed higher adult metabolic risk profiles (36) . In any case, given the high incidence of CVD in the adult community, it is likely that many currently nonobese preadolescents will develop CVD in later life.
To contribute toward a better understanding of factors influencing blood lipids in children, we sought to explore longitudinal data measured objectively in a cohort of healthy boys and girls over four immediately preteenage years. Our main objective was to determine whether serum lipids are modified by changes in percent body fat, CRF, PA, fat intake, and sugar intake in children during this period. Secondary objectives were to determine how well cross-sectional relationships with blood lipids reflected longitudinal relationships and how serum lipid relationships with BMI reflected those with percent body fat.
METHODS
Design and participants. This study formed part of the Lifestyle of Our Kids project (28) , which investigates the effects of PA and physical education on a range of physiological and psychological characteristics. Participants were recruited from 29 government-funded elementary (primary) schools in outer suburbs of a city with a population of approximately 325,000. Sample size was limited predominantly by our resources and commitment to schools to complete measures during a school term of 10 wk. A condition for inclusion was for parents to indicate in writing that their children were in good health, able to participate in vigorous PA, willing to provide a venous blood sample, willing to undertake a dualenergy x-ray absorptiometry (DEXA) scan, and willing to participate in fitness and PA assessments. Notice of acceptance and written informed consent were received from 73% of the invited children.
Procedures. We measured serum lipids, percent body fat, PA, and CRF in an initial cohort of 349 boys and 345 girls when they were in grade 2 of elementary (primary) school in 2005 (age: mean T SD, 8.1 T 0.3 yr). These measurements were repeated in 281 of the boys and in 282 of the girls in grade 4 (10.1 yr), and in 229 of the boys and in 240 of the girls in grade 6 (12.1 yr). Dietary intake and pubertal assessments were carried out at ages 8 and 12 yr. Repeated measures on a child were used to determine longitudinal relationships, and all data obtained at each testing period were combined to determine cross-sectional relationships.
Socioeconomic status of participants was estimated using the Australian Bureau of Statistics index of socioeconomic advantage-disadvantage. For suburbs in which the children resided, the mean T SD index was 1085 T 40 (range, 982-1160), with the mean being higher and the range being lower than those for all towns and cities in Australia (mean T SD index, 980 T 84; range, 598-1251).
Lean mass and fat mass were assessed by DEXA, using a Hologic Discovery QDR series instrument (Hologic Inc., Bedford, MA) with Hologic QDR System Software version 12.4, in a hospital setting. Body mass was measured to 0.05 kg using portable electronic scales, and height was measured to 0.001 m using a portable stadiometer. A 20-m shuttle run was used to estimate CRF; this is a well-established field test (34) consisting of a series of repetition runs between lines 20 m apart, the speeds of which are increased in stages of approximately 10 repetitions, as directed by a prerecorded soundtrack. Verbal encouragement to continue was provided by one technician in a similar manner each year. As previously described (30) , PA measurements were performed in school, with pedometers validated for use in children (Walk 4 Life, Plainfield, IL) and worn on their hip for seven consecutive days; the first (partial) day's data were discarded. PA index was calculated (square root of the mean number of steps per day) after adjustment for missing data, as also previously described (30) .
Venous blood was taken from the forearm of children who had fasted overnight (for approximately 10 h) between 8:00 a.m. and 9:30 a.m. in school, after which breakfast was provided. This procedure occurred from September through to December in each measurement year. Serum samples were mixed and allowed to clot for up to 30 min before centrifugation (10 min per 190g). Analysis was carried out at the Canberra Hospital Pathology laboratories, with samples being stored at j800-C. TC, HDL cholesterol, and TG concentrations were assessed on the Architect Ci8200 (Abbott Laboratories, Abbott Park, IL). For fasting patients with serum TG levels less than 4.5 mmolIL j1 , LDL cholesterol was calculated using the Friedwald formula (19) . All methods were carried out according to the manufacturers' instructions and performed within acceptable limits as determined by internal quality control.
In grade 3, dietary intake was examined by a team of qualified nutritionists using a 1-d dietary record based on previously described methods (9) . The children, parents, and teachers combined to record all foods, beverages, and supplements consumed over a 24-h period on a school day. Children brought their records into the classroom the following day, and a trained nutritionist collected and reviewed their records for discrepancies, interviewing those participants who needed to provide more detailed information. In grade 6, the methodology was extended to capture additional details based on the 2007 Australian National Children's Nutrition and Physical Activity Survey (2) . It involved two 24-h recalls and two interviews to establish two separate days of dietary recall (one school day and one nonschool day), with each interview taking 30-45 min. The two surveys involved several common factors: the same detailed instructions, with illustrations, measuring cups, and spoons provided to assist in the accuracy of reported portion sizes; consumption of all food during the school day and inside the classroom, with teacher supervision; administration of follow-up checking procedure to correct any abnormalities or lack of clarity; and analysis of data for dietary fat, carbohydrate, and sugar intake using the FoodWorks Professional TM software system version 2007 (Xyris, Brisbane Queensland).
Pubertal development was estimated in grades 4 and 6 by child self-assessment of Tanner stages (27) , using questions and diagrams based on those previously described (7), to determine a mean score for stages associated with pubic hair and genital development in boys, and pubic hair, breast development, and date of menarche in girls. Self-assessments in grade 4 were conducted at home with supervision from the parents or guardians; self-assessments in grade 6 occurred in a hospital setting with guidance from an experienced teacher.
Statistical methods. A general data modeling framework was developed to quantify relationships between response variables (serum lipids) and candidate explanatory variables, including percent body fat, PA, CRF, macronutrient intake, pubertal assessment, and socioeconomic status, for our longitudinal study design. Exploration of body size covariates identified functions of height, weight, and body surface area as significant covariates of blood lipids. Considering the strength of associations and the need to avoid colinearity with percent body fat, we included height in the model.
In calculating the relationships, adjustments were made for each of these variables. Another potential explanatory variable considered in developing the final model was the school cluster unit, variations of which included different teachers and physical education programs. The response variables representing blood lipid concentrations varied at three levels: cross-sectional between-school level, cross-sectional between-child level, and longitudinal within-child level. The same applied to the candidate explanatory variables representing PA, CRF, and percent body fat. In this report, the focus is on longitudinal data, and relationships with LDL cholesterol and HDL cholesterol were analyzed separately, rather than on TC per se, given their opposing effects on risk of CVD.
Our model fits within the general framework of general linear mixed models. Restricted maximum likelihood was used to estimate variance components and weighted least squares for estimating fixed effects. Statistical significance of effects was assessed by calculating adjusted Wald statistics, and general model checking procedures were routinely applied to identify aberrant data and to check model assumptions. Explanatory variables PA and CRF were scaled by square roots, and percent body fat by natural logarithms, to better satisfy assumptions of linearity. Model checking diagnostics included a histogram of residuals, a plot of residuals versus fitted values, and a plot of ordered residuals versus normal quantiles to check for normality, heteroscedasticity, and outliers, and to satisfy assumptions of linearity. We dealt with missing values in our statistical modeling by adopting a ''listwise delete'' approach, where records having one or more variables with a missing value were not included in the modeling process. The usual significance level of 0.05 was used as a guide for inference, but we considered all observed significance levels. Statistical computation was undertaken using the statistical package Genstat version13 (VSN International Ltd, Oxford, UK).
This study was approved by the Australian Capital Territory Health and Community Care Human Research Ethics Committee and the Ethics Committee at the Australian Institute of Sport. Parental consent was obtained for all measures in this study, and children understood that their participation was entirely voluntary and that they could withdraw at any time.
RESULTS
Participant characteristics and attrition. Table 1 presents participant characteristics together with measurements of key variables taken at mean ages 8, 10, and 12 yr in grades 2, 4, and 6. Approximately 95% of children had one or both parents of White descent, 3% of children had one or both parents of Asian descent, and 1% of children had one or both parents of Indigenous Australian or Polynesian descent; we had no ethnicity data for 1% of the families. To aid in general comparisons with other cohorts, we classified our cohort according to BMI-based estimations of overweight and obesity (3). Among girls in grade 2, 24% were classified as overweight or obese, and among girls in grade 6, 23% were overweight or obese. The equivalent figures for boys were 20% and 26%, respectively.
The numbers of observations each year are also presented in Table 1 . Across 4 yr, 20 children withdrew from the study, and the remaining missed tests were attributable to relocations to schools outside the study (n = 145; 21% of initial study participants), absences from school on test days (n = 40; 6%), or inadequate compliance with test procedures or technical difficulties with blood collection (n = 20; 3%). Analysis of baseline data from children who left the study in grade 4 or grade 6 revealed no evidence of any differences in mean serum lipid concentration, weight, percent body fat, CRF, or PA from children remaining in the study, and we have no reason to suspect that attrition affected any of the relationships.
We classified our cohort in terms of risk by employing the cutoff point of 3.36 mmolIL j1 (130 mgIdL j1 ) for elevated LDL cholesterol, as set out by the American Heart Association and the American Association of Pediatrics (6, 12 The medians (5th-95th percentiles) for Tanner scores derived from pubic hair and genital development (boys) and breast development (girls) in grade 6 were 2.5 (1.0-4.0) and 2.5 (1.5-4.0), respectively. Introduction of Tanner scores into our model had no significant effect on any of the relationships after adjustment for height, nor were there any significant effects of school and socioeconomic index. There was similarly no effect for Tanner scores in grade 4, but we did not report these because compliance was poor and we were not confident that they were properly carried out in the home setting.
Serum lipids and percent body fat. After adjustment for height, grade, PA, and CRF (as well as consideration of socioeconomic status, school, and pubertal development), we found strong relationships between serum lipids and percent body fat. As set out in Table 2 and Figures 1 and 2 , relationships between LDL cholesterol and percent body fat at both cross-sectional and longitudinal levels were positive and significant for both boys and girls. Longitudinally, for every one-unit increase in percent body fat in boys, there was an increase in LDL cholesterol of 0.036 mmolIL j1 (95% CI, 0.02-0.05), and this increase represented 1.3% of the mean LDL cholesterol at age 12 yr. Similarly, at the longitudinal level, the mean effect of a one-unit increase in percent body fat on a given girl was an increase in LDL cholesterol of 0.022 mmolIL j1 (95% CI, 0.01-0.36); this increase represented 0.8% of the mean LDL cholesterol at age 12 yr. Thus, on average, if a boy or girl increased adiposity by five units of percent body fat across the 4 yr, the resulting increases in LDL cholesterol would be approximately 0.18 and 0.11 mmolIL j1 , respectively. This represented 6.5% and 4.0% increases in mean LDL cholesterol at age 12 yr, and approximately 24% and 11% of boys and girls, respectively, increased percent body fat in excess of five units during the study period. These longitudinal relationships can also be described in terms of response to a relative reduction in percent body fat, with the absolute values of the resultant decrease in LDL cholesterol being the same as the abovereported increases. Relationships between TC and explanatory variables followed a pattern similar to that of LDL cholesterol.
As shown in Table 2 , there was a significant negative relationship between HDL cholesterol and percent body fat among boys (P = 0.032). A one-unit increase in percent body fat resulted in a decrease of 0.007 mLIL j1 (95% CI, 0.001-0.013), which is 0.5% of the mean value at 12 yr. Among girls, there was evidence of a trend toward a similar negative relationship (P = 0.1), supported by a significant negative cross-sectional relationship (P = 0.003).
There was a significant longitudinal relationship between logarithm of TG and percent body fat among girls (P G 0.001), The numbers of observations for the nutritional survey were 214 for girls and 195 for boys in grade 2 and 132 for girls and 130 for boys in grade 6.
but little evidence of a corresponding relationship among boys (P = 0.2). On average, for every one-unit increase in percent body fat in girls, there was an increase in TG of 2.1% (95% CI, 0.9-3.3). Cross-sectional relationships between TG and percent body fat were significant in both boys and girls (P G 0.001 for both). Serum lipids, PA, fitness, and diet. As also indicated in Table 2 , among PA, CRF, dietary fat intake, and dietary sugar intake, only CRF was measured to have significant longitudinal relationships with blood lipids. LDL cholesterol and TG were significantly related to CRF among boys (P = 0.01 and P = 0.03, respectively), as was TG among girls (P = 0.04). However, none of these relationships were sustained when we included percent body fat in the model (all P 9 0.2), and the same situation prevailed for significant cross-sectional relationships.
Although there was no evidence of any longitudinal relationship between blood lipids and PA, cross-sectional evidence indicated that boys (but not girls) who were more physically active had higher HDL cholesterol and lower TG (P = 0.04 and P = 0.03, respectively).
Longitudinal and cross-sectional relationships. With the traditional probability level of 0.05 as indicator of statistical significance, Table 2 reveals that, among 60 comparisons, there were seven instances where cross-sectional and longitudinal relationships produced discordant statistical outcomes. In six of these seven instances, the cross-sectional relationship was significant and the longitudinal relationship was not significant.
Percent body fat and BMI. We do not list all of the relationships of lipids with BMI but report that in three of six comparisons with the corresponding relationships between lipids and percent body fat, there was considerable discordance. Firstly and referring to Table 2, the negative crosssectional relationship between HDL cholesterol and percent body fat among boys was not significant (P = 0.15), whereas the corresponding relationship with BMI was significant (A = j0.02, SE = 0.005; P G 0.001). Secondly, the longitudinal relationship between TG and percent body fat was not significant (P = 0.19; Table 2 ), whereas the longitudinal relationship with BMI was significant (A = 0.06, SE = 0.012; P G 0.001). A third discrepancy existed among girls, where the longitudinal relationship between HDL cholesterol and percent body fat was not significant (P = 0.1) but the longitudinal relationship with BMI was significant (A = 0.02, SE = 0.004; P G 0.001).
Post hoc analyses. To support our discussion concerning the prevalence of elevated LDL cholesterol in lean and overfat children, we calculated the percentage of lean and overfat children who had elevated LDL cholesterol. For children with percent body fat G25%, 16% of boys and 19% of girls had elevated LDL cholesterol. We also calculated the number of obese children (percent body fat 930%) with elevated LDL cholesterol (37% and 28% of boys and girls, respectively).
DISCUSSION
The primary and novel outcome of this longitudinal study was that, even between ages 8 and 12 yr, LDL cholesterol (in both boys and girls), HDL cholesterol (in boys), and TG (in girls) were sensitive and indeed proportional to incidental changes in adiposity. Given the control for genetic variation and much of the environmental variation implicit with longitudinal but not cross-sectional studies, our longitudinal analyses provide a higher level of evidence than crosssectional studies for the premise that increased adiposity has a detrimental effect on lipid profiles in preteenage years.
We also found that when boys and girls became fitter, TG declined; in boys who became fitter, there was a reduction in LDL cholesterol. However, upon adjusting for percent body fat, the significance of these relationships was not sustained, suggesting that the underlying factor of relevance to this relationship was a child's percent body fat rather than other factors contributing to increased fitness, as determined by our running-based test. There was no corresponding evidence for any longitudinal relationships between blood lipids and PA, although there was evidence at the cross-sectional level in that more active girls had higher blood concentrations of HDL cholesterol and lower TG.
As for any observational study, a nonsignificant relationship does not necessarily infer that a relationship does not exist. Accordingly, it would be inappropriate to infer that blood lipids are not associated with PA on the basis that our analyses did not reveal any longitudinal relationships of significance. For example, in this cohort, we have reported a strong negative relationship between percent body fat and PA (31) , suggesting that PA may well be associated with a child's blood lipids indirectly through association with percent body fat. Moreover, our methods may not have been sufficiently sensitive or specific. However, the pedometer methodology has been well established in and is well suited for pediatric studies (30, 35) -administered under similar conditions each year; showing consistent daily, weekly, and yearly patterns in our cohort (33) ; and sufficiently sensitive to detect cross-sectional relationships with TG and HDL cholesterol in the current investigation. On the other hand, measurement of steps per day as a measure of total daily energy expenditure is limited (35) , and this was likely to have diminished the chances of detecting relationships in the current study. Similarly, the 20-m shuttle run may not have been sufficiently sensitive or specific in its measurement of CRF to detect relationships with lipids. Although its use in children has been well established (34) (administered under the same conditions each year by the same technician and used to detect improvements in CRF in a 1-yr school-based physical activity program intervention) (14) , like any test involving maximal effort, a child's motivation will influence the outcome. Table 2 . The same situation prevails for our dietary measurements: a lack of statistical significance does not necessarily imply that relationships between blood lipids and sugar or fat intake do not exist. Our team of nutritionists employed wellestablished methods, but the 1-d and 2-d surveys (2,9) may not have provided an accurate-enough representation of usual food intake and, in particular, change in usual food intake. There is also the possibility that the modification in survey methodology that we adopted in the second test may have affected the relationships, but we consider this to be minimal as the methods of determining daily fat and sugar intake were very similar.
A further consideration in detecting relationships is that longitudinal effects are likely to be more difficult to detect than are cross-sectional effects because variation within children is less than that between children. Support for this contention comes from the significant cross-sectional but nonsignificant longitudinal relationships between TG and percent body fat among boys, between HDL cholesterol and percent body fat among girls, between CRF and HDL cholesterol among girls, and between TG and PA among girls. However, in contrast to PA and CRF, no supporting crosssectional evidence emerged to support the case for a link between blood lipids and fat or sugar intake.
The current study may help to explain our previous finding in this cohort of preadolescent children-that 4 yr of specialist physical education was instrumental in improving blood lipids (32) . The obvious candidates from a solely PAbased program were increased PA and increased CRF, and the current examination of longitudinal relationships between blood lipids and these factors identifies reduction in adiposity as the mediating factor. This finding may also help to explain the improvements in blood lipids reported in two other school-based interventions. One such study (13) did not detect any improvements in CRF (and did not measure PA) but cited unpublished evidence of improved body composition. In the other study (14) , there were intervention effects on PA, CRF, and adiposity; however, the study did not present evidence as to which, if any, operated in a causative manner. Both these studies are consistent with the premise that the effect of PA interventions is mediated through reductions in percent body fat, a premise strongly supported by corresponding negative longitudinal relationships between blood lipids and adiposity in adolescents (5) .
Of interest to researchers, and especially to clinicians who are interested in changes within patients rather than differences between patients, is whether the more frequently reported cross-sectional relationships adequately reflect the longitudinal relationships. Table 2 shows that statistical significance (ignoring minor differences in levels of significance) differed markedly in cross-sectional and longitudinal analyses for HDL cholesterol and percent body fat (boys), TG and percent body fat (boys), HDL cholesterol and percent body fat (girls), HDL cholesterol and PA (girls), HDL cholesterol and CRF (girls). However, there was only one case where the longitudinal relationship was significant but the cross-sectional relationship was not-the relationship of HDL cholesterol with percent body fat among boys. This suggests that our observed discordances may be due, at least in part, to an increased difficulty of detecting longitudinal relationships compared with cross-sectional relationships, as commented previously.
Also of interest to pediatric health researchers and clinicians is whether the relatively simple weight status measure BMI adequately reflected the more expensive and less convenient DEXA measurement of percent body fat in the relationships. Our findings of nonsignificant relationships between HDL cholesterol and percent body fat in both boys and girls were in contrast to the significant relationships between HDL cholesterol and BMI and indicate that BMI is misleading as a proxy for percent body fat. This is consistent with our recent publication showing that increases in BMI between ages 10 and 12 yr are not accompanied by increases in percent body fat (29) .
It is well known that blood lipid concentrations in children vary with age and sex; indeed, Southcott et al. (24) have published reference ranges classified by age and sex, along with other blood analytes, in the currently described cohort. Our longitudinal data are consistent with a previous report (4) showing the interesting pattern of a general decline in LDL cholesterol and an increase in TG in children age between 8 and 12 yr, and slightly higher LDL cholesterol values but lower HDL cholesterol values among girls than among boys.
According to the American Heart Association cutoff points for LDL cholesterol, 20% and 16% of 12-yr-old boys and girls, respectively, in our cohort had undesirably elevated values. This prevalence is of concern especially because lipid concentrations track positively into adulthood and because of the association between childhood cholesterol levels and early vascular degeneration in adolescents (11, 25) . Clearly, obesity is not the only contributor to hypercholesterolemia in our cohort. Despite LDL cholesterol being sensitive to changes in percent body fat in this age group, as previously reported (5) and as observed in Figures 1  and 2 , many children with elevated LDL cholesterol levels are not overweight or obese. Of all our observations of children with percent body fat G25%, 16% of boys and 19% of girls had elevated cholesterol. Furthermore, of the children considered obese in this cohort with percent body fat 930%, 63% of boys and 75% of girls had serum LDL cholesterol in the normal range. It follows that any communitybased screening of children for early signs of cardiovascular risk cannot rely on adiposity measures as a proxy for blood lipid profiles. Currently, there is ongoing debate as to whether pharmacological intervention should be an option in treating young children with hyperlipidemia, given that the longterm effects of statin-based therapy during childhood and adolescence are unknown (15) . We are not in a position to enter this debate, but our data do indicate that reducing adiposity is likely to be an effective strategy even in 8-to 12-yr-olds.
Finally and underpinning the previous discussion, the prevalence of elevated LDL cholesterol within our cohort needs to be considered alongside their more encouraging HDL cholesterol measurements. The HDL cholesterol concentration of 1 mmolIL j1 or higher, which is considered satisfactory (12) , was exceeded by almost all children every year. The clinical implications of a child with an undesirably high LDL cholesterol but with a desirably high HDL cholesterol require further investigation.
Strong aspects of this study included the objective nature of the measurements, the clearly significant longitudinal relationships, and the statistical model with its multilevel analysis and consideration of several key potential confounders. To this end, height was an important inclusion in our model, providing an objective measure of general growth and development. A limitation-and one that may be applied to most observational studies reporting nonsignificant relationships-was that, despite objective and widely utilized measures of PA and macronutrient intake in a relatively large cohort of children, we cannot be certain that the methodology was sufficiently specific or sensitive to detect effects. A further limitation was that our cohort consisted of predominantly healthy White children from an affluent and well-developed country, and our conclusions may not be generalizable to children from other countries.
CONCLUSIONS
Our data provide evidence that blood lipids of healthy preadolescent boys and girls are sensitive to typical changes in percent body fat occurring during this period, with increasing percent body fat exerting unfavorable effects on blood LDL cholesterol in both sexes, on HDL cholesterol in boys, and on TG in girls. Of methodological interest, BMI as a proxy for percent body fat in these relationships is problematical. Given that many of our community-based Australian children have undesirably elevated LDL cholesterol at age 12 yr, that increasing LDL cholesterol is accompanied by increasing percent body fat, and that overweight and obesity in children are associated with increased risk of CVD in later life (6, 11) , our data point to a specific benefit of early attention to body composition in preadolescent years.
